Nested variant of urothelial carcinoma is characterized by confluent small nests and abortive tubules of mildly atypical neoplastic cells infiltrating the lamina propria and/or muscularis propria of the bladder. Despite its deceptively bland histomorphologic appearance, the lesion is reported to have an aggressive behavior. The collective immunohistochemical expression of suppressor genes, growth factor, and proliferation activity marker has not been previously studied in this disease. Formalinfixed, paraffin-embedded archival tissues from 12 cases of nested variant of urothelial carcinoma were stained with monoclonal antibodies to p21, p27, p53, EGF-R, and bcl-2, as well as the proliferation marker MIB-1. The area of predominant immunoreactivity was also evaluated. The pattern of immunostaining was compared with the clinical parameters. p21 was positive in 10 of 12 cases and located at the deepest portion of the tumor in 5 of 10 positive cases. Immunoreactivity for p27 was seen in 11 of 12 cases and limited to the superficial portion of the tumor in 9 of 11 positive cases. Only 3 and 2 of 12 cases were positive for p53 and bcl-2, respectively. MIB-1 immunoreactivity ranged from 2 to 35% of the neoplastic cells, with most tumors showing a proliferation index of >15%. Follow-up ranged from 3 to 30 months (mean, 17.6 mo). All patients except one were alive, although three patients developed metastases. Nested variant of urothelial carcinoma is a deceptively benign-appearing neoplasm with potential of deep invasion and metastases. Immunohistochemically, nested variant of urothelial carcinoma shares some features with high-risk conventional urothelial carcinomas, such as loss of p27 expression and high proliferation index. Nevertheless, p53, bcl-2, or EGF-r immunoreactivity is not frequently seen.
Nested variant of urothelial carcinoma was described as a malignant entity by Talbert and Young (1) . This lesion has a deceptive benign appearance, characterized by confluent small nests or abortive tubules of urothelial cells infiltrating the lamina propria and/or bladder muscularis propria. They contain urothelial cells with mild pleomorphism, slightly increased nuclear/cytoplasmic ratio (N/C), and occasional prominent nucleoli (Fig. 1 ).
There are Ͻ30 cases of nested variant of urothelial carcinoma reported in the literature, suggesting that this lesion is either rare or underrecognized (1) (2) (3) (4) (5) (6) (7) (8) . The largest series (16 cases), was reported by Drew et al. (3) , and the remaining reported cases originate from several small series and case reports. Nested variant of urothelial carcinoma is believed to have an aggressive behavior (3), despite its bland morphology, emphasizing the importance in recognizing this unusual variant of urothelial carcinoma.
Multiple biological markers have been evaluated in conventional urothelial carcinomas in an attempt to better understand the molecular events that lead to disease progression and study the correlation with grade and behavior. Some of these biological markers include p21, p27, p53, EGF-r, bcl-2, and MIB-1. In general, loss or absence of immunoreactivity for cyclin-dependent kinase inhibitors p21 and p27 has been associated with poor prognosis in conventional urothelial carcinoma (9 -12) . Overexpression of the tumor suppressor gene p53 has been related to tumorigenesis, prognosis, and survival in conventional urothelial carcinoma (11) (12) (13) (14) (15) (16) (17) . Expression of the apoptosis-regulating protein bcl-2 and the receptor for the epidermal growth factor EGF-r have also been linked with poor prognosis and with high-stage conventional urothelial carcinoma (15, 16, 18) . Hence, to evaluate potential role of these biological markers in nested variant of urothelial carcinoma, we studied their expression in a series of 12 cases.
MATERIALS AND METHODS
Twelve cases of urothelial carcinoma with the morphologic characteristics of nested variant of urothelial carcinoma as described by Talbert and Young (1) were identified from the files of Memorial Sloan-Kettering Cancer Center. All patients were treated and followed at the same institution. The diagnosis of nested variant of urothelial carcinoma was reviewed and confirmed by three authors (OL, MC, and VER). The specimens were also evaluated for the presence of conventional urothelial carcinoma. The demographic information, clinical presentation, pathologic stage, and follow-up were extracted from the medical charts.
Tissue fixed in 10% formalin and embedded in paraffin was available in all cases. Immunohistochemical studies were performed using the avidinbiotin-peroxidase complex method. The primary antibodies used were p21 WAF1 (Oncogene, Cambridge; 1:100 dilution), p27 Kip1 (DAKO, Carpinteria, CA; 1:2000 dilution), p53 (Clone DO7, DAKO; 1:1000 dilution), MIB-1(Immunotech, Fullerton, CA; 1:50 dilution), bcl-2 (DAKO; 1:50 dilution), and EGF-r (Zymed, South San Francisco, CA; 1:100 dilution). Immunostaining enhancement with heat epitope retrieval procedure was performed for the antibodies p21 WAF1 , p27 Kip1 , p53, MIB-1, and bcl-2 using a regular vegetable steamer. Briefly, the sections were deparaffinized and placed in a solution of citrate buffer solution (pH 6.0), steamed for 30 minutes, then cooled before immunostaining. Prior digestion with pepsin was used for EGF-r immunostaining. The antigen-antibody reaction was visualized using 3,3'-diaminobenzidine as chromogen. Known positive and negative tissues were used as controls. The thresholds that were used to call a lesion positive or negative were 5% of nuclear staining for p21 WAF1 and p27 Kip1 , 20% nuclear staining for p53, 5% cytoplasmic staining for bcl-2, and 5% membranous staining for EGF-r. MIB-1 immunostaining was reported as percentage of nuclear staining. The distribution of immunoreactivity was also analyzed in addition to the presence or absence of immunoreactivity.
RESULTS
The clinicopathologic findings of the 12 patients with nested variant of urothelial carcinoma are summarized in Table 1 . The patients in this series included 9 male and 3 female patients ranging in age from 42 to 90 years old (mean ϭ 65 y). Ten of 12 patients underwent cystectomy, 1 patient received only radiation therapy because of the presence of distant metastases, and 1 patient underwent transurethral resection only. All lesions were composed of small, well-delineated nests of urothelial cells infiltrating the lamina propria and/or bladder muscularis propria. Direct extension to the bladder mucosal surface was seen in 11 of 12 cases. The neoplastic cells displayed mild increase in N/C ratio, dense cytoplasm, and occasional nucleoli resulting in a bland morphology. Increased pleomorphism was seen occasionally in the deepest components of the tumor. Mitotic figures were not readily identified. Nested variant of urothelial carcinoma was the only type of urothelial carcinoma present in seven patients, and it was the only type seen in the invasive component in all specimens. The remaining five patients presented with overlying in situ conventional urothelial carcinoma. Four of the associated in situ carcinomas were flat, and one was a low-grade papillary carcinoma. No direct connection was seen between flat urothelial carcinoma in situ and the nested variant of urothelial carcinoma ( Fig. 2A) . The papillary carcinoma was present, juxtaposed to the nested variant of urothelial carcinoma (Fig. 2B) . No other type of invasive urothelial carcinoma was seen in these 12 patients. Pathologic stage varied from pT1 to pT3b (3pT1, 5pT2, and 4pT3), clinical stage (AJCC 2002) ranged from I to IV, and the follow-up ranged from 3 to 30 months (mean ϭ 17.6 mo). At time of last follow-up, nine patients had no evidence of disease, two patients were alive with metastases, and one patient had died of disease. The latter three patients represent patients who were clinically Stage IV at the time of diagnosis, with regional metastases at the time of cystectomy or presence of clinically evident distant metastases.
Two pathologists (OL and VER) analyzed the immunohistochemical findings independently, and the results represent a consensus of their findings. In general, there was excellent interobserver agreement. The immunohistochemical results and the distribution of immunoreactivity for each individual case are summarized in Table 2 .
The majority of cases were positive for p21 and p27, whereas immunoreactivity for p53 was seen in only three cases. Two cases showed immunoreactivity for bcl-2 confined to the superficial component of the tumor. No immunoreactivity for EGF-r was seen in any of the cases. Proliferation activity using the MIB-1 immunoreactivity was present in all cases and, in most cases, with a proliferative index of Ͼ15% ( Table 2) .
The distribution of immunoreactivity within tumors was interesting. p21 was located predominantly in the deepest component of the tumor in 5 of 10 p21-positive cases (Fig. 3A ) and was diffusely distributed in the remaining 5 cases (Fig. 3B) . Immunohistochemical staining for p27 was seen in 11 cases. The immunoreactivity was localized only in the superficial component of the tumor in 10 of these 11 cases (Fig. 4A) , whereas only one p27-positive case displayed a diffuse immunoreactivity (Fig. 4B) . Interestingly, five cases with p21 expression confined to the deepest component of the tumor showed p27 immunoreactivity only in the superficial component of the tumor. Overexpression of p53 was observed only in three cases. Predominant p53 overexpression was noted in the deepest areas of the tumor in two cases (Fig. 5A ) and was diffusely distributed in the remaining case (Fig. 5B) . No case showed immunoreactivity for EGF-r. Immunoreactivity for bcl-2 was seen in the superficial component of the tumor in two cases (Fig. 6 ). All cases showed immunoreactivity for MIB-1, ranging from 15-35%, except for one case, in which only 2% of the cells were positive. Three cases showed increased immunoreactivity in the deepest component of the tumor (Fig. 7A) , whereas the remaining nine cases displayed diffuse immunoreactivity (Fig. 7B) . 
DISCUSSION
Most carcinomas of the urinary bladder, flat or papillary, do not represent a major diagnostic problem for the pathologist. Nonetheless, some variants of urothelial carcinoma such as the nested variant have a bland morphology (19) and have growth pattern characteristics that overlap with various benign entities such as in nested papilloma, Brunn nests, and nephrogenic metaplasia. For these reasons, they might pose a diagnostic dilemma. The neoplastic cells in nested variant of urothelial carcinoma show little atypia, and they are arranged in nests that mimic cystitis cystica or Brunn's nests, leading to a possible underrecognition of this tumor. This lesion was even described as a benign lesion (20) before the original description of it as a malignant tumor by Talbert (1).
The demographics of our patient population are very similar to previously reported studies of nested variant of urothelial carcinoma. There is a marked predominance of male patients, with a mean age of Ͼ60 years. This age and sex distribution is similar to that in conventional urothelial carcinoma, a finding already noted by Drew et al. (3) . The patients in our series presented with pathologic stage ranging from pT1 to pT3b (3 pT1, 5 pT2, and 4 pT3), whereas most patients previously described were reported as pT1 or pT2 (3). The higher stage presentation in our series might reflect the nature of our institution. Most patients (9 of 12) in our series were alive without evidence of disease at last follow-up, despite the higher stage presentation. Conversely, Drew et al. (3) reported a high incidence of persistent or progressive disease in his series. It is impor- tant to indicate that the majority patients in our series were treated with cystectomy, whereas all cases reported by Drew et al. (3) were treated only with transurethral resection. These findings suggest that this disease should be approached clinically as high-risk disease, with early cystectomy as an option for pT1 and pT2 tumors. We have previously demonstrated that cytologic follow-up in these patients after TUR is difficult (21) .
The aggressive behavior of nested variant of urothelial carcinoma underscores the importance of distinguishing them from benign proliferative lesions such as Brunn's nests, cystitis glandularis, nephrogenic metaplasia, and inverted papilloma. Cytologic atypia is not a good parameter because the mild atypia seen in nested variant of urothelial carcinoma can be deceptive, especially at low-and medium-power magnification. Obviously, invasion of the muscularis propria excludes the possibility of any benign lesion.
Previous studies performed in conventional urothelial carcinoma have indicated that alterations in cell-cycle regulation are important in the neoplastic transformation and progression (13) . Some of the markers implicated in this process include p21, p27, p53, and bcl-2.
The cyclin-dependent kinase inhibitor p21 is a protein that can lead to cell cycle arrest at G1 phase by inhibiting DNA replication through interaction with PCNA (22) . The presence of p21 expression has been associated with low-grade urothelial carcinomas (23) and decreased probability of tumor recurrence (2). Stein et al. (2) have demonstrated that the majority of tumors with overexpression of p53 showed loss of p21, whereas most tumors that are p21 positive contained wild-type p53. This is a finding similar to what was observed in our series. Eight of 10 p21-positive cases showed no overexpression of p53, whereas 1 case with diffuse overexpression of p53 showed absence of expression of p21. The study by Stein et al. (2) also concluded that tumors with p53 overexpression and lack of p21 expression demonstrated higher rate of recurrence and worse survival when compared with p53 overexpression/ p21-positive and p53 wild type/p21-positive cases. This was also a finding of Qureshi et al. (11) in their study of nine cases of conventional urothelial carcinoma. Interestingly, the only patient who died of disease in our series displayed p53 overexpression and lack of p21 expression. We only encountered two cases with p53 overexpression in which p21 was expressed.
Most cases (10 of 12) showed expression of p21, with predominant expression in the deepest component of the tumor in 5 of 10 positive cases. Of note, increased proliferation activity as shown by MIB-1 immunoreactivity was also noted in the same area; therefore, the presence of p21 expression in the deepest component of tumor might indicate increased transcription of the protein in an attempt to stop the cell cycle by counterbalancing other tumorigenic pathways.
Other biological markers that have been studied in conventional urothelial carcinoma include p27, a p53-independent cyclin-dependent kinase inhibitor. Low p27 expression has been associated with progression of disease (9), poor overall survival, and relapse (10). In our series, low or absent p27 expression in the deeper component of the tumor in association with high proliferation index (Ͼ15%), was seen in nine cases. These findings might suggest that loss of p27 and high proliferation index represent common tumorigenic pathways in nested variant of urothelial carcinoma.
The immunoreactivity of p27 in 10 of 11 p27 positive nested variant of urothelial carcinoma cases was quite peculiar because it was limited to the superficial component of the tumor. Furthermore, 5 of these 10 cases demonstrated immunoreactivity for p21 only in the deepest component of the tumor. This finding might suggest that, in selected cases, once p27 protein transcription is decreased, a different pathway induces the expression of p21 in an attempt to inhibit cell proliferation.
The widely studied tumor suppressor protein p53 has been associated with aggressive biological behavior in conventional urothelial carcinoma (24) . However, its role as an independent prognostic factor in immunohistochemical studies has been disputed in the literature. This controversy may be attributed to lack of standards in performing and analyzing the immunohistochemical data. Nonetheless, p53 overexpression was not found to be a frequent event in nested variant of urothelial carcinoma.
Proliferation activity as seen by immunoreactivity for the proliferation marker Ki-67 using the antibody MIB-1 has been associated with aggressive- ness in conventional urothelial carcinoma. Several investigators (25, 26) have indicated that proliferation activity is an independent indicator on univariate analysis. The relationship of proliferation activity with other biological markers such as p53 and p27 has also been well studied and appears to correlate with poor prognosis (10, 11, 15) . High proliferation index was frequently seen in nested variant of urothelial carcinoma and may be helpful in distinguishing nested variant of urothelial carcinoma from benign proliferative lesions such as cystitis cystica, Brunn's nests, nephrogenic adenomas, or inverted papillomas. These proliferative lesions are known to have a proliferation index that does not exceed 10%, as opposed to nested variant of urothelial carcinoma (27) (28) (29) (30) . This feature can be useful in superficial biopsies in which the infiltrative nature of nested variant of urothelial carcinoma cannot be easily evaluated.
The apoptosis regulating protein bcl-2 is reported to correlate with poor patient outcome, particularly when associated with p53 overexpression (15, 16) . This tumorigenic pathway does not appear to play a role as a prognostic factor in nested variant of urothelial carcinoma because expression of bcl-2 and p53 overexpression were not common events in our series. Only 1 case in our series showed bcl-2 expression in combination with p53 overexpression.
EGF-r is another biological marker that has been studied in conventional urothelial carcinoma and has been associated with poor prognosis and high proliferation index (18, 31) . The expression of EGF-r also does not appear to play a role in nested variant of urothelial carcinoma because EGF-r expression was not seen in any case in our series, despite the high proliferation index seen in most cases.
The heterogeneous geographic distribution of biological markers in nested variant of urothelial carcinoma is interesting. It suggests that these tumors are composed of neoplastic cells with heterogenous phenotypes and that this heterogeneity can be geographically related. Intratumoral histologic, cytogenetic, and immunohistochemical heterogeneity is a known phenomenon in conventional urothelial carcinoma. It is not unusual to see the presence of glandular or squamous differentiation in close association with conventional urothelial carcinoma. Morphologic heterogeneity can also occur in nested variant of urothelial carcinoma, where increased atypia in the deepest component of the tumor has been described in the literature and it was present in one case in our series. Intratumoral cytogenetic heterogeneity has also been demonstrated in conventional urothelial carcinoma by comparative genomic hybridization (32), loss of heterozygosity, and single nucleotide polymorphism (33) studies. Diaz-Cano et al. (33) have also reported differences, although not significant, in immunohistochemical expression of p53, p21, and pRB in superficial and deepest component of muscle-invasive conventional urothelial carcinoma. Curiously, those investigators reported that p21 expression was higher in the superficial compartment of conventional urothelial carcinoma, whereas in our study, p21 was present diffusely or predominantly in the deepest component of nested variant of urothelial carcinoma. The presence of immunoreactivity only in the superficial component raised the possibility that fixation could be responsible for the difference in immunoexpression between different compartments. This problem was not an issue in our series because there was immunoreactivity in both superficial and deep compartments for different antibodies with equal intensity. Furthermore, immunoreactivity for p27 was seen in lymphocytes located deep in the tissue fragments, whereas p27 expression was seen only in the superficial component.
In summary, nested variant of urothelial carcinoma is a deceptively bland-appearing neoplasm with potential of deep invasion and metastases that should not go unrecognized. Immunohistochemically, nested variant of urothelial carcinoma shares some features with poor-prognosis conventional urothelial carcinoma, such as loss of p27 expression in the deeper component of the tumor and high proliferation index. Other biological markers associated with poor prognosis in conventional urothelial carcinoma, such as p53, bcl-2, and EGF-r, are not frequently altered in nested variant of urothelial carcinoma. Increased immunostaining for MIB-1 has the potential to become a helpful marker to distinguish nested variant of urothelial carcinoma from benign proliferative lesions, which it mimics.
